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Results of opc.l-titional  mbit dc.tm ]ninat ion for the ‘I’ol’ll  Xfl’osci[loll  (’171’) mission using
(ilchl  l’ositioning,  Satellites (GI’S) during, Anti-Spoofit~g (AS) activi[ics  Hrc presented in
this paper. Sub- dccimctcx  radial  orbit comparisons have bc.cn made with solutions
dc.tc.rmined from 1.ASIIR md 1)01<1S tracking.

1 Mring AS tracking the ‘1’/1’ G1’S flight rc.ccivcr  tracks only Ihc 1.1 carrier tind ~A-mdc
]xicmlorangc. ‘1’bus, tk iomsphac  cmlitwalion  basccl cm the linear combintition  of the 1.1
and 1 ~ carrier signals is un:nwilablc.  An a])]~l.c)xil~lati(~~~  of [bc ionosphm  above. ‘1’/1) can bc
obt:iincd by diffmmcing  the avtiilablc carrier phase. and pscudorangc  lllcasllIclllclits.  ‘1’his
(iiffcrcncc.  is smoothed to remove. tk multipath  associntc.d with the pseudcmnge,
mcasurcmcnts,  ‘J’hc remaining sighal consists primdrily of iorlcmjhcrc.  ‘1’hc following
m:ithcmatical  dcscrip(ion  shows tbc proccdwc:

1) lk)rm A = 1,1-1’]  = p+l-llj,  -(p- 1-t M-t 131,) ~ 21- M-t 131,-1$,
Where: 1.1 = (;A-code cttuicr  phase

}’1 = (;A-mdc  ]JSCUdOl”Nl~C
p  = “1’1’lIC  IGm:,c
1 = kmosphcl’c
M  = Multipa[h
1$, = {;A-cocIc c:{rricr phnsc bias
1$ =. (?A-cMIc  pse.udorangc bias

2) Smooth A with cubic splints to mnmvc  mult ipath;  S(A) = 21 -I 111,-111,

3) Apply remaining ionosphere calibration to 1,1 and 1’1

I.lC = ].]- S(A) /2.
]’lc : (1.] + 1’1 ) / ? and carrier Nidc(i  smoothing



‘1’Ilc bias parameters arc casil y absorbed in the orbit dcte.rminat  ion prcwcss.  Also the
pscmlorangef is produced  by performing cmicr added smoothing (l<cf.  1).

1 kw the. ground GPS rcecivcrs,  a (~A-mdc onl y ionosphere calibration is prcduccc] by
performing cross-channel comtat  ion. ‘J”his cal i brat ion is pcrformccl in the hardware and the

ml y modifications to the orbit dctemintit  ion processing arc to modify the cffwtivc antenna
phase center loeaticms.

l}lcmcnls of ‘1’/1’ G]% orbit dctcmination  include the (;1’S satclli[e  ccmstcllation,  GI’S
flight reccivcr cm-board “171’, six globally distributed GIN ground rcccivers,  the G1’S l>ata
}Ianclling  l~acility  (GII1 11;) and the H’S JJata Pmecssing l;acility  ((iIll’l;).  ‘J’hc Gill’li

mllcets  the 0’S flight measurcnmnts  from the “171’ flight opcraticms team while tlw ground
station data is obtained through the G]]] 11~, ~arricr phase  and P-corlc  pscu[iorangc
mcasurcmcnts from 22 GI’S satellites to the seven GPS receivers  arc then processed
simultammusly  with the (;1 IPJ; software MI I<AGI1  to proc]ucc  orbit solutions of ‘l’/l’  and
the G1’S satellites.

IJasdinc Solution Scenario
lhring normal  ncm-AS  tracking the. 1.1 tind 1 ~ carrier signals arc modulated with the P-
code. in addition, the 1.1 carrier is also moclulate.d  with the CA-CCKle.  lior AS tracking the
l’-codc is rqlacwd  by the Y-codc (emcryptd security cede) which maktx  it impossible for
unclassified u scrs to track the 1 ~ cauicr, ‘1’hc 1.1 cmicr is always available since it is
mociulatccl  with the ~A-code. Ihwing AS, some G1’S satellites ccmtinue to tr~nsmit  the.
ncmml ~A-cocte  and P-code signals. “l”he IIloek 1 satellites do not have AS capabilities and
on occasion some of the 131 .(XK 11 s~tcllitcs  have not activatrd  AS.

(;arricr phase and P-code pseudo  range.  data are available cm the flight receiver at rates of
l/see and 10/see rcspcc[ivel y. Prc-processing  of the observat ions consists of detect ing and
correcting cycle slips, de.tcrmining and a])])] ying ‘101’1 ;X/1’oscidcm clock offsets, and
decimating to the desired processing mtc and calibrating for ionospbm.  Since the noise
level is differcnl  for ~A-mde  and P-coclc  mcasurcmcnts  the data weights arc clmcn to
balance this effect in the orbit determination pmccss. ‘1’ab]e 1. shows the data rates and
weights  used for opcmtional  orbit ctetcminaticm.



‘J’tible 1- l)ata Rates and l’rocmsing Weights

IXtta ‘J’ypc hmsing Rate .Wcight
“]~1’ P-COCIC  CMricr  Phase 5 min. (decimatecl) 2 cm
“1’/1’ ~A-code Gmier l’hasc 5 min. (dccimatd) 15 Clll

T/]’ l’-cocle  Pseudo  Rallgc 5 mia. (decimated) 2 meters

‘]~1’ {UA-CO(IC  ]’sCll(k)  ]<all:)c 5 min. (dccimatccl) 500” meters

Ground  P-code Carrier Phase S min. (dccimatcd) 1 Clll

Ground  ~A-code GNricr Phase 5 mill,  (dccimatcd) 3 ml

Ground  P-code l’smdo  Range 5 min. (dccimatcd) 1 mete.rs

(hound  ~A-coclc Pseudo  Rmgc 5 min. (dccimtcd) 50 meters

l< CSII1(S

Chbit comparisons with solutions from 1,ASI{R and lIORIS tr:icking show RMS miinl
a~,rccmcnt at the subdccimc.tcr lcwcl.  1 ‘igurc  1. shows the ~JPS carrier phase residual
errors between the actual  observations and the computcci values. l;igurc  2. presents radial,
transverse and normal m-bit comparisons with the official “171’ medium precision orbit
cplvmcris.
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